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Comparison of Anterior and Posterior Corneal Surface
Irregularity in Descemet Stripping Automated Endothelial
Keratoplasty and Penetrating Keratoplasty

Takefumi Yamaguchi, MD,*1 Kazuno Negishi, MD,* Kazuko Yamaguchi, MD,* Murat Dogru, MD,*}
Yuichi Uchino, MD,* Shigeto Shimmura, MD,* and Kazuo Tsubota, MD*

Purpose: To evaluate the irregularity of the anterior and posterior
cornea after Descemet stripping automated endothelial keratoplasty
(DSAEK) and penetrating keratoplasty (PK).

Methods: This clinical study comprised 39 eyes: 13 consecutive
eyes after DSAEK, 13 consecutive eyes after PK, and 13 age-matched
normal eyes. Corneal elevation data were acquired using a rotating
Scheimpflug camera 1 and 3 months after DSAEK and PK. Anterior
and posterior comeal elevation data were decomposed into a set of
Zernike polynomials up to eighth order. Total higher-order root mean
square (RMS) and RMS from third to eighth order were calculated.
The astigmatism and irregularity of the anterior and posterior surfaces
were compared between DSAEK and PK.

Results: The regular astigmatism and tilt components of the anterior
surface were significantly lower after DSAEK than after PK at 1 and
3 months (P < 0.001), whereas there was no difference in
astigmatism of the posterior surface between the groups (P = 0.07,
0.22). The higher-order RMS and RMSs of third- to eighth-order
components of the anterior surface were significantly larger after PK
than those after DSAEK at 1 and 3 months (P < 0.01), whereas there
were no significant differences between DSAEK and PK in higher-
order aberration RMS and RMSs of third- to eighth-order com-
ponents of the posterior surface.

Conclusions: Postoperative comeal irregularity of the anterior
surface was greater after PK than after DSAEK, whereas there was
no significant difference in posterior surface irregularity. DSAEK is
supetior to PK in terms of the higher-order irregularity of the anterior
surface.
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escemet stripping automated endothelial keratoplasty

(DSAEK) for the treatment of dysfunctional endothelium
has several advantages over standard penetrating keratoplasty
(PK).' By removing only Descemet membrane and endo-
thelium and retaining the healthy portions of the patients’
cornea, DSAEK offers rapid visual recovery and preservation
of the corneal biomechanical properties and integrity. Whereas
DSAEK is an excellent selective transplantation that has
improved the postoperative visual prognosis in patients with
bullous keratopathy, it is reported that the majority gain 20/40
vision, but a few gain 20/20 vision. Interface scatter and age
are possible factors that affect postoperative visual acuity.® In
our previous report, the anterior surface irregularity after
DSAEK, not the irregularity of the posterior surface, has an
important effect on visual acuity,” which indicates that, in
addition to the corneal transparency, regularity of the anterior
surface is an important factor for visual acuity after DSAEK.
Postoperative irregularity of the anterior and posterior surfaces
must be one of the important factors in selection of DSAEK or
PK for the treatment of bullous keratopathy. However, there
has been no reported comparison of irregularity between
DSAEK and PK. Therefore, we compared the irregularity of
anterior and posterior surfaces after DSAEK and PK.

MATERIALS AND METHODS

This study included 39 eyes, 13 age-matched normal
eyes without apparent corneal disease and 26 eyes of
consecutive patients who underwent DSAEK (13 eyes) and
PK (13 eyes) at Keio University Hospital. This retrospective
study was approved by the Institutional Review Board of Keio
University Hospital. Written informed consent was obtained
from all patients. This study adhered to the tenets of the
Declaration of Helsinki.

The pre- and postoperative clinical data are shown in
Table 1. The average age was 73.7 = 7.8 years (from 59 to 85
years old; 7 women and 6 men) in the DSAEK group and
62.5 *+ 33.5 years (from 31 to 86 years old; 4 women and 9
men) in the PK group. There were no significant differences in
age between the groups. The average age of normal patients
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TABLE 1. Patients’ Data

DSAEK Group PK Group
(n=13) m=13) P

Age (yrs) 737178 62.5 = 335 0.350
Sex

Female 7 4

Male 5 9
Preoperative

BCVA (logMAR) 1.15 = 0.49 1.03 = 0.58 0.289

Spherical equivalent (D) -1.7%x21 —-27 £31 0.238

Astigmatism (D) -25*11 -35*27 0.072
Postoperative (1 mo)

BCVA (logMAR) 0.52 = 0.28 0.58 + 0.52 0.362

Spherical equivalent (D) -01%x17 -15*25 0.052

Astigmatism (D) -23+13 -55%26  <0.001

Corneal thickness (pum) 601 * 85 562 = 58 0.10
Postoperative (3 mo)

BCVA (logMAR) 042 =033 0.49 = 0.43 0.34

Spherical equivalent (D) -0.43 2.1 -1.6 £25 0.11

Astigmatism (D) -19 + 1.1 -37x21 <0.001

Corneal thickness (pm) 596 * 96 529 * 42 0.019

BCVA, best-corrected visual acuity; D, diopter.

was 65.8 £ 14.4 years (from 35 to 79 years old; 1 man and
12 women). The preoperative logarithm of the minimum angle
of resolution (logMAR) was 1.15 * 0.49 in the DSAEK group
and 1.03 = 0.58 in the PK group.

The causes of bullous keratopathy in the DSAEK group
were Fuchs endothelial dystrophy (7 eyes), pseudophakic
bullous keratopathy (3 eyes), and bullous keratopathy caused
by laser iridotomy (3 eyes). The indications for the PK group
included bullous keratopathy (8 eyes), keratoconus (3 eyes),
and cormeal stromal opacity (2 eyes).

We performed DSAEK according to our standard
technique, as previously published. Briefly, after sub-Tenon
anesthesia with injection of 2% lidocaine, a 5.0-mm
corneoscleral incision was made at the 12-o’clock position.
Two paracenteses were made at the 7- and 10-o’clock
positions. An anterior chamber maintenance cannula was
inserted through the 7-o’clock paracentesis, and Descemet
stripping was performed for a diameter of 8.0 mm with
a reverse-bent Sinskey hook (Asico, Westmont, IL) corre-
sponding to the 8.0-mm epithelial trephine marker. The
recipient’s endothelium and Descemet membrane were
carefully removed by forceps. Donor precut tissue was
obtained from SightLife Eye Bank of Seattle. Precut donors
were trephinated at a size of 8.0 mm, and the endothelial
surface of the donor lenticle was coated with a small amount
of viscoelastic material (Viscoat; Alcon, Fort Worth). Donor
tissue was gently folded using forceps and inserted into the
anterior chamber. Air was carefully injected into the anterior
chamber to unfold the graft. The fluid between the recipient’s
stroma and the graft was drained from small incisions in the
midperipheral recipient cornea. Ten minutes after the air
injection, most of the air was replaced with balanced salt
solution (Alcon). At the end of the surgery, subconjunctival
tobramycin and betamethasone were administered.

© 2010 Lippincott Williams & Willins

PK was performed under retrobulbar anesthesia. The
donor button was cut with a Barron punch trephine (diameter,
7.75 mm in all eyes). The recipient bed was 7.5 mm in all
cases. A Hessburg-Barron suction trephine was used to cut
a partial-depth circular incision in the cornea, centered at the
geometric center of the comea. Excision of the recipient cor-
neal button was completed with curved corneal scissors. The
graft was sutured in place with a single-running 10-0 nylon
suture with 24 bites. At the end of the surgery, subconjunctival
tobramycine and betamethasone were administered.

The corneal topography of the anterior and posterior
surfaces was measured using a Pentacam (Oculus, Inc,
Wetzlar, Germany). The Pentacam uses a rotating Scheimpflug
camera to analyze the anterior segment anatomy. In this study,
the Pentacam’s 50-picture 3-dimensional scan measurement
mode was used. The Pentacam automatically captured images
once correct alignment in the x, y, and z directions was
attained. After image capture, the instrument analyzed the 50
Scheimpflug images of the anterior eye and allowed export of
corneal elevation topographic data (anterior and posterior
corneal surfaces). The Pentacam analysis provided data from
an area of up to 10 mm in diameter, which included the graft
size of 8 mm in this study. Data from the central 4-mm circle
were analyzed. No subjects wore contact lenses before and
after surgery. The Scheimpflug images were taken 1 and 3
months after DSAEK and PK.

The topographic data of the anterior and posterior
surfaces taken by the Pentacam were decomposed into a set
of Zernike polynomials. The Zernike coefficients were
determined up to eighth order for a 4-mm diameter. The root
mean square (RMS) of Z(2, —2) and Z(2, 2) was calculated to
represent the lower-order line symmetric component and
defined as astigmatism in this study. The RMS of the total
higher-order coefficients from third to eighth order was
calculated to represent the irregular component of astigmatism
and defined as higher-order RMS. We evaluated the
postoperative Z(2, 0), astigmatism, RMSs of third to eighth
order, and higher-order RMS. The central corneal thickness
was measured by the Pentacam. The logarithm of visual acuity
was calculated and analyzed statistically. A P value less than
0.05 was considered statistically significant. Comparison of
logMAR, corneal thickness, and RMSs of topographic
data between DSAEK and PK was performed using Mann—
Whitney U test. All statistical analyses were performed with
(SAS Institute, Inc, Cary, NC) computer software.

RESULTS

The clinical data are shown in Table 1. The postoperative
astigmatism was significantly lower in the DSAEK group than
that in the PK group (P << 0.001). The postoperative central
corneal thickness was significantly larger in the DSAEK group
than that in the PK group at 3 months (P = 0.019).

Table 2 shows the average of lower-order Zernike
coefficients of the anterior surface after DSAEK and PK. In the
DSAEK group, although there was a significant difference in
astigmatism compared with the normal eye group at 1 month,
there were no significant differences in astigmatism and tilt at
3 months. The astigmatism and tilt of the PK group were
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TABLE 2. The Average of Lower Order of Zernike Coefficients
of Anterior Corneal Surface After DSAEK and PK

TABLE 4. The Average of Higher-Order RMS of Zernike
Coefficients of Anterior Corneal Surface After DSAEK and PK

Postoperative (1 Mo) Postoperative (3 Mo)

Postoperative (1 Mo) Postoperative (3 Mo)

DSAEK
Spherical Z(2,0) 150.7 = 8.3 151.8 = 87
Astigmatism 6.3 = 407 5540
Tilt Z(11) 7.1 %70 5333
PK
Spherical Z(2,0) 157.5 = 19.3 154.7 = 14.0
Astigmatism 21.7 = 9.69+ 16.2 = 10.19%
Tilt Z(11) 37.6 = 1979+ 29.3 = 13.39%

Normal eyes (n = 13): spherical Z(2, 0) = 153.5 * 7.1, astigmatism = 3.3 *+ 2.2 D,
and tilt Z(11) =4.8 * 4.4,

4P < 0.05 compared with the DSAEK group, 17 < 0.05 compared with the normal
eye group.

Mean * SD (pum).

significantly larger than those of the DSAEK and normal eye
groups at 1 and 3 months (P < 0.05).

Table 3 shows the average of the lower-order Zernike
coefficients of the posterior surface after DSAEK and PK. The
spherical component, astigmatism, and tilt of the DSAEK and
PK groups were significantly larger than those of the normal
eye group at 1| month. There were no differences in spherical
aberration, astigmatism, and tilt between the DSAEK and
normal eye groups at 3 months. The lower-order Zernike
coefficients 3 months after PK were significantly larger than
those of the normal eye group.

Table 4 shows the average of the higher-order Zernike
coefficients of the anterior surface after DSAEK and PK. The
higher-order Zernike coefficients after PK were significantly
larger than those after DSAEK and of the normal eye group.
There were no significant differences in higher-order Zernike
coefficients between the DSAEK and normal eye groups,
except for the sixth-order RMS at 1 and 3 months and the
eighth-order RMS at 1 month after DSAEK.

Table 5 shows the average of the higher-order Zernike
coefficients of the posterior surface after DSAEK and PK.
The higher-order Zernike coefficients after DSAEK and PK
were significantly larger than those of the normal eye group.

TABLE 3. The Average of Lower Order of Zernike Coefficients
of Posterior Corneal Surface After DSAEK and PK

Postoperative (1 Mo)

Postoperative (3 Mo)

DSAEK
Spherical Z(2, 0) 209.5 * 20.0F 181.7 £ 314
Astigmatism 19.6 + 5.7% 141 £75
Tilt Z(11) 71.7 = 40.6% 438 = 414
PK
Spherical Z(2, 0) 209.3 = 15.2% 204.0 = 15.29F
Astigmatism 26.4 * 14.4% 189 = 11.7¢
Tilt Z(11) 42.9 + 14.09% 45.1 + 19.8%

Normal eyes (n = 13): spherical Z(2, 0) = 190.9 * 13.7, astigmatism =9.5 + 6.5 D,
and tilt Z(11) = 313 = 84,

9P < 0.05 compared with the DSAEK group, 1P < 0.05 compared with the normal
eye group.

Mean * SD (pum).
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DSAEK
HO-RMS 292210 2.54 + 129
S3 233 * 206 205 = 1.18
S4 1.50 = 0.80 1.36 = 0.64
S5 049 % 0.27 043 = 0.18
S6 0.21 = 0.141 0.19 = 0.10%
s7 0.05 = 0.06 0.02 + 0.04
S8 0.01 = 0.02% 0.00 = 0.01

PK
HO-RMS 11.9 = 59197 9.86 = 4.509%
S3 10.1 * 6.039+ 8.49 + 4.929%
S4 5.28 = 2197 4,04 = 1.089%
S5 1.98 *+ 1469+ 1.71 = 0.789%
S6 0.70 = 0.6597 0.57 = 0.379%
S7 0.26 = 0469+ 0.13 = 0.139%
S8 0.05 = 0.079+ 0.04 * 0.059+

Normal eyes (n = 13): HO-RMS =2.11 * .78, 83 = 1.58 * 0.67, S4 =1.23 * 0.49,
S5 =0.41 * 0.39, S6 = 0.11 * 0.07, 87 = 0.02 * 0.04, and S8 = 0.00 = 0.00.

4P < 0.05 compared with the DSAEK group, +P < 0.05 compared with the normal
eye group.

HO-RMS, higher-order RMS,

Mean * SD (um).

However, there were no differences in RMSs of the higher-
order Zernike coefficients between the DSAEK and PK groups
at 1 and 3 months.

DISCUSSION

The important advantage of DSAEK is that it causes
little to no change in corneal refractive cylinder compared
with PK."*® However, the differences in the irregularity
of the corneal anterior and posterior surfaces after DSAEK
and PK have remained unknown. We reported that the
irregularity of the anterior and posterior surfaces decreases
after DSAEK, and it is the irregularity of the anterior
surface that has an effect on postoperative visual acuity.” In
this study, we evaluated the difference in the postoperative
irregularity of the anterior and posterior surfaces after
DSAEK and PK.

Comparing the outcomes of DSAEK and PK, the
advantages of DSAEK are rapid visual recovery, lower
astigmatism, stability in the postoperative refraction, lower
rejection rate, and integrity of the wound structure.>® Hjortdal
et al evaluated the efficacy of DSAEK for the treatment of
Fuchs endothelial dystrophy and reported that, compared with
PK, visual recovery is faster and astigmatism is not induced
after DSAEK; however, primary graft failure may be common.
In their report, the best-corrected visual acuity at 12 months
after DSAEK was significantly better than that after PK.’
Bahar et al® reported that DSAEK enabled rapid and better
uncorrected visual acuity and best-corrected visual acuity
when compared with PK with significantly lower astigmatism.
As for the comparison in regular astigmatism and tilt of the
anterior surface between DSAEK and PK, the astigmatism was
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TABLE 5. The Average of Higher-Order RMS of Zernike
Coefficients of Posterior Corneal Surface After DSAEK and PK

Postoperative (3 Mo)

Postoperative (1 Mo)

DSAEK
HO-RMS 17.6 = 9.2f 11.0 = 8.56%
S3 14.0 = 8.68% 8.67 * 7.67+
S4 9.44 * 4201 5.82 * 3.967
S5 3.08 + 2.037 1.93 £ 1.697
S6 143 * 1.17¢ 0.97 = 1.097
S7 0.26 = 0.191 0.16 = 0.157
S8 0.07 = 0.06} 0.04 = 0.09

PK
HO-RMS 12.0 + 5.82+ 10.7 £ 4.64%
S3 9.79 * 3.59% 8.24 * 5.24%
S4 7.13 £ 3.61% 5.41 *+ 1.80F
S5 292 * 1.29+ 2.31 * 1.26%
S6 1.27 £ 1.03+ 0.90 = 0.48%
S7 0.27 = 0.23F 0.25 = 0.16%
S8 0.10 = 0.117 0.10 = 0.13F

Normal eyes (n = 13): HO-RMS =3.85 = 0.95,83=3.13 £ 1.20,84=1.95 + 0.37,
$5=0.68 = 0.32, S6 = 0.23 * 0.09, $7 =0.06 * 0.02, and S8 = 0.02 * 0.02.

9P < 0.05 compared with the DSAEK group, P < 0.05 compared with the normal
eye group.

HO-RMS, higher-order RMS.

Mean = SD (pm).

significantly lower in DSAEK than in PK, as reported in
previous studies,>'" which seems reasonable because the
anterior surface of the cornea is retained in DSAEK. The tilt
components of the anterior and posterior surfaces after PK or
DSAEK have not been reported previously. We demonstrated
that the tilt of the anterior surface in DSAEK was significantly
lower than that in PK, although the tilt components of the
posterior surface in DSAEK and PK were similar and
significantly larger than that in normal eyes. The causes of
the tilt component may be eccentric graft preparation,
intraoperative decentration of the recipient trephination, and
the patients’ eye fixation during the examination. It remains
unknown whether the corneal tilt component might affect
postoperative vision. Manual preparation of the donor and
recipient corneas may cause tilt; therefore, keratoplasty using
new technology such as femtosecond lasers may make it
possible to prepare a precise corneal graft and recipient’s
comeal cut,'*~'® which may decrease the tilt and other irregular
components. Further evaluation of the causes of the post-
operative tilt component and its effect on visual acuity is
necessary in the future.

In the current study, we demonstrated that the higher-
order irregularity of the anterior surface after DSAEK was
significantly lower than that after PK, although there was
no significant difference in posterior surface between the groups.
This is the first report that evaluated the postoperative corneal
irregularity of both anterior and posterior surfaces after DSAEK
and PK. Terry and Ousley'® evaluated the topography using
TMS and Orbscan after deep lamellar endothelial keratoplasty
(DLEK) and reported that DLEK preserves normal corneal
topography of the anterior surface and minimizes postoperative
astigmatism. McLaren et al*® evaluated higher-order aberration

© 2010 Lippincott Williams & Wilkins

(HOA) after DLEK and PK and reported that HOAs from the
anterior surface were higher after PK than after DLEK.
Hindman et al*' evaluated the light scatter and wavefront
aberration after DLEK in 4 patients and reported that the
wavefront aberration was lower after DLEK than after PK but
that the light scatter because of corneal haze was higher after
DLEK than after PK. In our previous report, we demonstrated
that the higher-order irregularity of the anterior surface is
negatively correlated with postoperative visual acuity.” This
indicates that, although there are individual differences in
anterior surface higher-order irregularity for unknown reasons
after DSAEK, its average values were smaller compared with
those after PK. In this current study, there was no difference in
postoperative logMAR between DSAEK and PK, although the
irregularity of the anterior surface was significantly smaller in
DSAEK than in PK. The causes of poor visual outcome after
DSAEK would be multifactorial: age, light scatter, and irregular
astigmatism of the anterior surface as have been reported in the
past.®” More comprehensive study on vision-limiting factors
measuring corneal opacity, duration of bullous keratopathy, light
scatter, and irregular astigmatism after DSAEK and PK should
be substantiated in the future.

Evaluation of the corneal posterior surface has been
reported by several authors.>** However, the exact level
of regular and irregular astigmatism that affects the visual
function is unknown. Dubbelman et al*? reported that the
astigmatism of the posterior surface reduces than that of the
anterior surface by 31%, which means that the posterior
surface has a considerable impact on the total astigmatism.
Dubbelman et al** calculated the comatic aberration of the
whole cornea from a Scheimpflug imaging reconstruction of
a normal cornea and concluded that it is sufficient to take
only the anterior corneal surface into account because the
comatic aberration of the posterior surface is small
compared with that of the anterior surface. Sicam et al?
reported that the spherical aberration of the posterior
surface changes with age. Oshika et al*® reported that the
posterior to anterior ratios of the regular and irregular
astigmatism are 35.0% = 41.3% and 39.9% = 39.9%,
respectively, in normal eyes. However, the impact of the
posterior corneal surface on vision has not been explained
sufficiently, although 2 previous case reports suggested the
possible influence of posterior corneal curvature on the
visual function.?®?” Although the irregularity of the poste-
rior surface increased up to the post-PK level after DSAEK
in this study, the irregularity of the posterior surface might
not affect visual acuity because the small refractive index
change between the cornea and aqueous humor is relatively
small compared with the change between air and the cornea.

The limit of the current study is that short-term
results of postoperative 3 months were examined. Longitu-
dinal studies are needed to follow the long-term altera-
tions in the irregularities of the anterior and posterior
surfaces of the cornea after DSAEK and PK. The accuracy
of the Pentacam used for the evaluation of the corneal
surfaces after DSAEK and PK has not been fully vali-
dated. Although the Pentacam, which is a relatively new
instrument that images the anterior and posterior corneal
surfaces by employing a rotating Scheimpflug camera,
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may have some limitations, measurements of corneal thick-
ness and posterior elevation with the Pentacam have been
reported to be highly reproducible and repeatable.?®>°
Another limitation of this study is the application of Zernike
polynomial functions for the analysis of topographic data of
corneal surfaces, not HOA. The validity of Zernike
polynomial functions to represent the corneal surface might
be a subject that requires more study. Smolek and Klyce*!
evaluated the corneal topography of normal eyes and eyes
after PK, radial keratotomy, and keratoconus and reported
that the fourth-order Zernike polynomial seemed reliable for
modeling the normal cornea and that if more Zernike terms
were added, the accuracy of the fit to the abnormal cornea
will be improved to the degree of the minimum errors found
in normal corneas. We evaluated the corneal surfaces using
Zernike polynomials up to eighth order. The eighth-order
values after DSAEK and PK were very small or nearly zero,
which may indicate the validity of the fit to the abnormal
surfaces by eighth-order Zernike polynomials and may
sufficiently reflect the true surface values. More compre-
hensive studies should be performed in future.

In conclusion, the irregularity of the anterior surface
was significantly smaller after DSAEK compared with that
after PK, whereas there was no significant difference in
the posterior surface irregularity. DSAEK is superior to
PK in terms of the higher-order irregularity of the anterior
surface.
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Present Status and Challenges for Corneal Regeneration

Shin Hatou, Kazuo Tsubota

Department of Ophthalmology, Keio University School of Medicine, Tokyo, Japan

The cornea consists of three layers ; the epithelium, stroma, and endothelium. Among them, stem
cell research of epithelium has developed most. Functional bioengineered corneal epithelial sheet
grafts from limbal stem cells has already been applied to clinical use. However, some problems such
as the use of bovine serum in culture media or stem cell quality and quantity of the cell sheet, are
yet to be solved. Stromal‘and endothelial stem cell research has not developed much compared to
the epithelium. Cornea-derived progenitors (COPs) were derived from corneal stromal cells and
have common characters with neural crest stem cells. Although there is much to solve, COPs may
be helpful to obtain functional bioengineered stromal or endothelial graft in the future. On the other
hand, new operation techniques such as deep lamellar keratoplasty or Descemet’s membrane strip-
ping endothelial keratoplasty have developed recently. As these techniques are ready to be applied
to regenerative medicine, tissue engineering of the cornea are expected to catch up with preceding

clinical operation techniques.
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1 : Anatomical structure of anterior segment of eye and cornea.
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Superior : Stem cell deficiency in corneal limbal
epithelium caused conjunctival invasion with blood
vessels on whole corneal surface. Inferior : One
vear after the keratoplasty with limbal epithelial
stem cell transplantation. Center of the cornea
was caovered with corneal epithelium and main-
tained clarity.
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Fig. 3 : The method of transplantation using functional bioengineered corneal
epithelial sheet grafts from autologous corneal epithelial stem cells.
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Fig. 4 : Cultivation of carrier-free epithelial sheets.

Limbal epithelial cells were collected and seeded on fibrin- or
amnionic membrane (AM)-coated chambers (A). HE staining
(B, C) and immunohistochemistry against fibrin (green) and
K12 (red) (D, E) showed that fibrin acted as a scaffold during
cultivation with the protease inhibitor aprotinin (B, D) and was
allowed to dissolve by removing the aprotinin before transplanta-

tion (C, E).
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Fig. 5 : Cornea-derived progenitors (COPs).

COPs from transgenic mice encoding PO-Cre/Floxed-EGFP as
well as Wnt1-Cre/Floxed-EGFP were GFP*, indicating the neu-
ral crest origin of COPs, which was confirmed by the expres-
sion of the embryonic neural crest markers, Twist, Snail, Slug,

and Sox9.
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Fig. 6 : Penetrating keratoplasty (PKP) and Descemet’s membrane stripping endothelial kerato-

plasty (DSEK).

DSEK is a new technigue of sutureless corneal endothelium transplantation with small incision. This
technique will be applied to regenerative medicine of corneal endothelium.
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